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ABSTRACT
The purpose of this thesis was to investigate consumers and product developer’s
expectations of wearable technology products in the context of the Quality Function
Deployment (QFD) framework. The specific objectives were to: 1) Explore the quality
features that consumers consider most important when purchasing wearable technology
product. 2) Explore the technical features product developers consider most important in
the development of wearable technology. 3) Identify the technical features that wearable
technology product developers need to focus on to meet the customer requirements.
The Qualtrix online survey system was used to collect demographic, quantitative
and essay length written responses from participants. Three hundred seventy eight men
and women who were either consumers of wearable technology or professionals involved
in its design and manufacture participated in this research. Data were analyzed with
Statistical Analysis System (SAS) Enterprise 6.1. Open ended questions were analyzed
for content and coded on an Excel spreadsheet using the thematic method.
Results indicate consumers considered the most important feature of wearable
technology to be Product Safety whereas professionals involved in its design and
manufacture regarded Materials Selection as the most important aspect.
This study provides valuable information for both industry and academia and
identifies areas that must be addressed by manufacturers of wearable technology to meet
consumer’s demand for product features.
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CHAPTER 1. INTRODUCTION
Merriam-Webster Online Dictionary (2017) defines the term ‘wearable’ as
“capable of being worn” or “suitable to be worn”. It also defines ‘technology’ as “a
manner of accomplishing a task especially using technical processes, methods or
knowledge. Therefore, wearable technology refers to any technical processes like
electronic gadgets, devices or piece of equipment that are wearable on body (Biscontini,
2016b).
Multinational companies such as Google, Apple, and Intel are coming forward to
invest millions of dollars in Wearable Technology innovation due to its promising future
(Raj & Ha-Brookshire, 2016). According to IDtechEX, market researcher on emerging
technologies, the wearable technology market, is projected to increase from US $20
billion in 2015 to US $70 billion by 2025 (Raj & Ha-Brookshire, 2016).
Wearable technologies are being used in different sectors, namely in the fields of
health and medical care, fitness and sports, emergency responders and defense. In the
health and medical care sector, wearable technologies are being used to help senior
citizens monitor physical movement, and physiological data such as heart rate, and blood
pressure. This technology is also used to monitor the activities of patients with memory
loss and those who suffer with epileptic seizures (Giansanti, Maccioni, & Morelli, 2008;
Patel, Park, Bonato, Chan, & Rodgers, 2012; Sazonov, Fulk, Sazonova, & Schuckers,
2009).
In the area of fitness and sports, wearable technologies are used to enhance human
performance and physical fitness by displaying heart rate and cardio fitness level during a
workout sessions (Fitbit Inc, 2017). Additionally, smart garments with embedded sensors
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are being developed for emergency responder like police, fire-fighters and defense
personnel, providing protection from toxic environment and ensure safety in the workplace (Patel et al., 2012).
1.1 Problem Statement
Though having a bright future, studies show one third of the consumers stop using
wearable technology products after the first purchase (Fortmann, Heuten, & Boll, 2015).
In the competitive marketplace, companies try to introduce products with cutting edge
features ahead of competitors, but it’s a question of whether this superior technology
fulfills the customer expectation or not. So, in new product development there must be a
synergy between the customer’s expectation and technical characteristics of the product.
1.2 Theoretical Framework
This research was framed by the Quality Function Deployment (QFD) method.
QFD is an organized approach to specify the needs of customer group; identify their
requirements, demands and expectation of the products; interpretation of these data into
product development to production process (Fisher, 2003). Eventually, QFD transfers
customer demand to technical requirements in the product thus fulfilling the consumers’
expectations for the product (Fisher, 2003). In other words, QFD is a multi-dimensional
structured technique for a new product development that ensures maximum priority to the
customer satisfaction (Hauser & Clausing, 1988).
1.3 Purpose of this Study
The purpose of this study is to investigate consumers and product developer’s
expectations of wearable technology products framed by the Quality Function
Deployment (QFD) method.
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The specific objectives of this study are to:
1. Explore the quality features that consumers consider most important when
purchasing wearable technology products.
2.

Explore the technical features product developers consider most important in the
development of wearable technology.

3. Identify the technical features that wearable technology product developers need
to focus on to meet the customer requirements.
1.4 Definition of Terms
The following are definitions of the key terms mentioned in this study.
Accelerometer sensor: One kind of mechanical sensor that is used to measure
users’ body motion activity such as limb movement, gesture or posture of the body
(Crean, Mcgeough, & O'kennedy, 2012).
Analyte: “The material to be determined quantitatively or qualitatively” (Eggins,
2008)
Augmented reality: It is focused on the user interface technique that should be
able to concentrate on the user’s attention and to exhibit information inconspicuously
based on context (Kortuem, Segall, & Bauer, 1998).
Battery: “Batteries are devices that both store energy as chemical energy and
convert this energy to electrical energy, which can be used to do work. The energy
conversion occurs through chemical reactions” (Schell, 2016).
Biometrics: “Biometrics is the practice of using an individual's physical or
behavioral characteristics for identification and verification purposes. The methods
employed in biometric identification range from simple fingerprinting to retina scans
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and DNA testing. Most commonly, biometric identification is used as a means of
improving the security of personal electronic devices” (Lasky, 2016).
Bio-sensors: “A device incorporating a biological sensing element connected to a
transducer” (Eggins, 2008).
Chemical sensors: “A device that responds quantitatively to a particular analyte
in a selective way through a chemical reaction” (Eggins, 2008).
Communication device: “The transmission of data from one computer to
another, or from one device to another. A communications device, therefore, is any
machine that assists data transmission. For example, modems, cables, and ports are all
communications devices” (webopedia.com, 2017).
Data management: “Data management is an administrative process that includes
acquiring, validating, storing, protecting, and processing required data to ensure the
accessibility, reliability, and timeliness of the data for its users” (NGDATA.com, 2017).
Data processing: Merriam-Webster dictionary (2017) defines data processing as
“the converting of raw data to machine-readable form and its subsequent
processing (such as storing, updating, rearranging, or printing out) by a
computer”.
Dementia: According to medical dictionary WebMD (2017) “Dementia is a
syndrome that involves a significant global impairment of cognitive abilities such as
attention, memory, language, logical reasoning, and problem-solving severe enough to
interfere with social or occupational functioning”.
Electrocardiogram: Medical dictionary WebMD (2017) defines “An
electrocardiogram (EKG, ECG) is a test in which electrode patches are attached to the skin

4

to monitor the electrical activity of the heart. ECGs can observe heart rhythm, diagnose
heart attacks, examine blood flow to and from the heart, and more”.
Epilepsy: It is a neurological disorder characterized by recurrent seizures
(Cureepilepsy.org, 2017) . A person affected by epileptic seizure disease, tend to lose
consciousness suddenly due to unusual electrical activity in brain (Dalton et al., 2010).
Global Positioning System (GPS): As per Webopedia (2017) “Global
Positioning System is a worldwide satellite navigational system formed by 24 satellites
orbiting the earth and their corresponding receivers on the earth. The satellites orbit the
earth at approximately 12,000 miles above the surface and make two complete orbits
every 24 hours. The GPS satellites continuously transmit digital radio signals that
contain data on the satellites location and the exact time to the earth-bound receivers”.
Human-computer interaction: Mukherjee and Nath (2016) defined Humancomputer interaction as: “A discipline concerned with the design, evaluation and
implementation of interactive computing systems for human use and with the study of
major phenomena surrounding them”.
Integrated circuit: “In an integrated circuit, a complete electronic circuit is
accomplished on a single substrate. Such circuits are generally small, highly reliable,
inexpensive, lightweight, and suited for large-scale production” (Gudimetla, 2016).
User interface: According to Computer Desktop Encyclopedia (2017) “The way
a person interacts with a computer, tablet, smartphone or other electronic device. The
user interface (UI) comprises the screen menus and icons, keyboard shortcuts, mouse and
gesture movements, command language and online help, as well as physical buttons,
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dials and levers. Also included are the physical components, such as the mouse,
keyboard, touchscreen, remote and game controllers”.
Memory: According to Webopedia (2017) “Memory is internal storage areas in
the computer system. The term memory identifies data storage that comes in the form
of chips, and the word storage is used for memory that exists on tapes or disks”.
Microprocessor: “Microprocessors process all of the information entered into the
computer through input devices, including mice, keyboards, cameras, and microphones.
A more powerful microprocessor allows a computer to process more information at once”
(Biscontini, 2016a).
Obesity: “A person is considered obese when his or her weight is 20% or more
above normal weight or his or her body mass index (BMI) is over 30” (WebMD.com,
2017).
Optical fiber: “A thin glass strand designed for light transmission. A single hairthin fiber is capable of transmitting trillions of bits per second” (Computer Desktop
Encyclopedia , 2017).
Parkinson’s disease: “Parkinson's disease (PD) is a progressive movement
disorder that causes muscle rigidity, tremor at rest, slowing down of movements
(bradykinesia), difficulty moving, and gait instability” (Carson-DeWitt, Lukas, & Knight,
2015).
Physiological: “characteristic of the normal functioning of a living organism”
(Dictionary.com, 2017).
Quality: “The quality of a product (article or service) is its ability to satisfy the
needs and expectations of the consumers” (Bergman & Klefsjö, 2010).

6

Semiconductor: “Semiconductor is a material that is neither a good conductor of
electricity (like copper) nor a good insulator (like rubber). The most common
semiconductor materials are silicon and germanium” (Webopedia.com, 2017).
Sensor: Merriam-Webster dictionary (2017) defines “a device that responds to
a physical stimulus (such as heat, light, sound, pressure, magnetism, or a
particular motion) and transmits a resulting impulse (as for measurement or
operating a control)”.
Sustainability: “ Sustainable development is a process of social, economic and
environmental, which provides a balance between profits and costs of development and
in the perspective of future generations, which is a reflection of the policies and strategy
of continuous economic and social development without harming the environment and
natural resources, the quality of which depends on the continuation of human activity and
further development” (Zieba, Martyniak, Rusin-Balicka, Balicki, & Marcin, 2016).
Total Quality Control: Feigenbaum (1991) stated “Total quality control is an
effective system for integrating the quality-development, quality-maintenance, and
quality-improvement efforts of the various groups in an organization so as to enable
marketing, engineering, production, and service at the most economical levels which
allow for full customer satisfaction”.
Transducer: “A device that converts an observed change (physical or chemical)
into a measurable signal (usually electronic in nature) whose magnitude is
proportional to the concentration of the analyte or analytes” (Eggins, 2008).
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Ubiquitous computing: Use of computing devices such as laptops, smart phones,
wearable devices, tablet in daily life becomes a part of human body but invisible to
others (Raj & Ha-Brookshire, 2016).
Water resistant: Merriam-Webster dictionary (2017) “designed to not be
easily harmed or affected by water or to not allow water to pass through easily”
(Merriam-Webster dictionary, 2017).
Wearable technology: It refers to any technical processes like electronic gadgets,
devices or piece of equipment that are wearable on body (Biscontini, 2016b).
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CHAPTER 2. REVIEW OF LITERATURE
2.1 Wearable Technology
Human-computer interaction and ubiquitous computing are two prime concepts
for the innovation of wearable technology (Baurley, 2004; Morris & Aguilera, 2012). At
first, the usage of computers was limited to professions like engineers, academics, and
government workers. Early computers required specialized expertise, but with the
advancement of technology, computers became user friendly and are now accessible to
all consumers regardless of their technical knowledge (Raj & Ha-Brookshire, 2016).
Mukherjee and Nath (2016) defined Human-computer interaction as: “A discipline
concerned with the design, evaluation and implementation of interactive computing
systems for human use and with the study of major phenomena surrounding them”. They
further stated that, the human-computer interaction particularly investigates how people
interact with computerized devices and the extent to which computers successfully
interact with people. Over 30 years ago, researchers explored the human-computer
interaction concept with the goal of making computers accessible for all people (Card,
Moran, & Newell, 1983). Later, this human-computer interaction became the major
concept for wearable technology innovation (Morris & Aguilera, 2012). The second core
concept of wearable technology is ubiquitous computing. This is when a specific
technology becomes so useful in daily life it is as though it has become a part of or
extension of the human body and goes unnoticed by others (Raj & Ha-Brookshire, 2016).
Ubiquitous computing includes traditional devices such a keyboard or mouse, but also
can be used to refer to video monitoring, location tracking and any device used to
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monitor, gather, or provide information to assist one with daily tasks (López, Marín, &
Calderón, 2017).
Wearable technology emerged to meet the demand of people who need access to
information not only in a fixed place but also when they are on the move (Barfield,
2015). A wearable computer has been defined as an additional organ of human body that
help to execute the activities which are not possible in normal circumstances (Beloff,
2010). This means, a wearable computer can work in user’s personal space having
operational and interactional functions (Mann, 1998). Though there are various
explanations of wearable technology, the core concept concentrates on the technology
that can be worn by the users (Raj & Ha-Brookshire, 2016).
2.2 Evolution of Wearable Technology
In 1960, scientists Manfred Clynes and Nathan Kline used a term called
“Cyborg” in their article named “Cyborgs and space” where cyborg is a blend of human
and machine, having an interface which is a natural extension of body and capable of
being controlled by itself (Clynes & Kline, 1995). Researcher Thad Starner first
introduced the notion of wearable computer in his technical report called “The Cyborgs
are coming” in 1995 where metaphorically, the author introduced wearable computer as
cyborg (Witt, 2008). In this article, the author identified two characteristics of wearable
computer interface: persistence and constancy (Starner, 1995). Persistence explains that
wearable computer interface is “persistent” as it is always available and capable of being
used by other users at the same time (Starner, 1995). Constancy is when the same
interface of a wearable computer is used in every situation (Starner, 1995). Dr. Mann,
another legend of wearable computer concept, built the system called “WearComp” with
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three characteristics: 1) computational devices are part of wearing system, not connected
with stationary power system, 2) computational functionality are controlled by user, 3)
computational system is always functional while it is worn (Mann, 1997).
In 1997, Rhodes further elaborated that a wearable computer has five
characteristics: “1) It is portable while in operation, 2) It enables hands-free or handlimited use, 3) It can get the users attentions even if not in use, 4) it is always “on” and 5)
it attempts to sense the user’s context for better serving him” (Rhodes, 1997). The
following year, Kortuem et al. introduced wearable computer under the term of
“augmented reality” (Kortuem et al., 1998). They mainly focused on the user interface
technique that should be able to concentrate on the user’s attention and to exhibit
information inconspicuously based on context (Kortuem et al., 1998).
The first wearable computer ‘Mobile Assistant’ was launched in 1996 by the
company named Xybernaut located in Virginia, USA. ‘Mobile Assistant’ having custom
programs and user interface was intended for mechanics and technicians for military,
commercial sectors and healthcare personnel (McCann & Bryson, 2009).
2.3 Basic Components of Wearable Technology
Smart garment, a kind of wearable technology, was defined by Tao (2001) as a
“smart system” having capability of communicating and sensing with surrounding
environment via electrical, mechanical, thermal, magnetic, chemical or other stimulus
forms. The basic components of smart clothing include interface, communication, data
management, energy management, and integrated circuits (Cho, 2009).
Interface technology consists of input and output devices that transfer information
between the wearer and the environment (Cho, Lee, & Cho, 2009). Wearable sensors and
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conductive textile materials such as polymers, fibers, yarns, fabric, and embroidery are
key elements of interface technology (Cho et al., 2009). Sensors have the capability to
monitor and measure the environment and biometric data in a smart clothing system (Cho
et al., 2009). According to Tao (2005) communication technology in smart clothing
transfer the information and power within different components of the system. Data
processing, memory, computation processes related to data management technology and
battery, power supply system referred to energy management technology in a smart
clothing system (Cho et al., 2009). An integrated circuit is made out of semiconductor
materials and it acts as microprocessor in smart clothing system shown in figure 1 (Cho,
2009).

Figure 1. Flexible wireless ECG sensor with fully functional microcontroller (Patel,
Park, Bonato, Chan & Rodgers, 2012)
2.4 Application of Wearable Technology
Concepts of wearable technology became apparent, just after revolution of
Information Technology (IT) in the mid-1990s (McCann & Bryson, 2009). From then,
researchers and various companies invested in wearable technology to create new
portable technology trends for the consumers (McCann & Bryson, 2009). This section
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discusses the application of wearable technology focusing on: Health and Medical Care;
Fitness and Sports; Emergency Responders; and Defense.
2.4.1 Heath and Medical Care
In many countries, the percentage of elderly adults within the population is
growing rapidly. Rather than promoting the idea of elderly moving to a personal care
facility several countries advocate an “aging in place” program that provides safety to
their older citizens as well as individuals with chronic illness by monitoring their physical
conditions remotely from their homes (Patel et al., 2012). For this purpose, extensive
research is being conducted to keep tracking activities of daily living (ADL) using
wearable technology (Patel et al., 2012). Mathie et al (2004) confirmed the feasibility of
wearable technology using accelerometers sensor by monitoring ADL of older population
in the home environment. Activities such as standing, sitting, and walking can be
monitored using accelerometer sensors in-shoe pressure systems (Sazonov et al., 2009).
Recovery after abdominal surgery is also being observed by wearable technology (Aziz et
al., 2007). In addition, using accelerometer sensors, researchers developed step counting
device for Parkinson’s disease patients (Giansanti et al., 2008). Moreover, wearable
technologies are being applied to monitor individual’s physical movement to provide data
on obesity control (Wilson, 2017).
Furthermore, according to World Health Organization (WHO) around 5% of the
world’s population or 466 million people are suffering from hearing loss. It is more
prevalent to the old adults; almost one third of people aged 65 and over are with hearing
impairment (World Health Organization, 2018). It can be one of the top 15 diseases that
leads elderly adults to disability by 2030 (Mathers & Loncar, 2006). Hearing aid shown
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in figure 2 is a kind of wearable technology that can make the sound louder and clearer
and such help the wearer improving the hearing ability (Hearing Loss Association of
America, 2018).

Figure 2. Hearing aid (National Health Service, 2017)
Wearable technology has the potential to help individuals monitor their disease
state and improve quality of life. In 2009, Merilahti et al predicted that wearable sensors
could improve the treatment and diagnosis of heart and blood related diseases by
assessing and collecting physiological data over a long period. Komodo Technology
fulfilled this prediction when it brought to market the smart sleeve, shown in figure 3,
capable of monitoring heart rate using electrocardiogram technology (ECG) (Sawh,
2017). Other researchers saw the potential benefits for dementia patients. As patients
with dementia, or memory loss, are prone to wander off or get lost, wearable sensors
containing Global Positioning System (GPS) technology could help caregivers to locate a
missing patient (Sposaro, Danielson, & Tyson, 2010). Other inventions to assist the
aging population included the development of a custom-designed vest which incorporated
wearable sensors to detect and prevent injuries from falling (Bourke, Van de Ven, Chaya,
14

OLaighin, & Nelson, 2008).

Figure 3. Smart sleeve monitor heart rate activity (Sawh, 2017)
Stroke is the fifth leading cause of death in the US. A stroke happens when blood
flow to an area of the brain is cut off (National Stroke Association, 2017). Quick medical
attention and careful monitoring of the patient after a stroke can save lives (National
Stroke Association, 2017). To assist post-stroke patients’ researchers designed smart
clothing embedded with wearable sensors. These sensors are capable of assessing the
physical conditions of post-stroke patients during the rehabilitation process (Giorgino,
Tormene, Maggioni, Pistarini, & Quaglini, 2009).
Epilepsy a condition affecting one out of 26 persons in the US alone is a
neurological disorder characterized by recurrent seizures (Cureepilepsy.org, 2017) . A
person affected by epileptic seizure disease, will lose consciousness suddenly. To
address this potentially life threatening condition researchers have developed wearable
technology that can detect the symptom of this disease and alert the patient to the seizure
before it occurs (Dalton et al., 2010).
15

Breast Cancer is another disease which may be monitored with wearable
technology. In the U.S. breast cancer is the most commonly diagnosed disease among
women and around 12% of U.S. women have the probability of developing invasive
breast cancer over her lifetime (Breastcancer.org, 2017). Early detection can stop
spreading of breast cancer to other parts of the body (American Cancer Society, 2017).
The iTBra developed by Cyrcadia Health is embedded with sensor that can monitor the
wellness of breast tissue and alert physicians to the possibility of breast cancer
(cyrcadiahealth.com, 2017).
Another wearable technology device Google Glass (see figure 4) developed by
technology company Google Inc., consisted of mini display screen, touch pad at the side
of glass could be used in medical applications. Because of its access to live camera
image, trainees and medical students could develop the understanding of operational
procedures and get surgical training from the surgeon’s view (Aungst & Lewis, 2015).
Due to the concern of personal privacy issue, Google Inc., stopped production of Google
Glass in January 2015 (Martinez-Millana, Bayo-Monton, Lizondo, Fernandez-Llatas, &
Traver, 2016).

Figure 4. Google Glass (Gibbs, 2014)
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Wearable technology also has great potential for use in industrial settings.
Hazardous gasses and excessive heat pose health risks to industrial workers. The ProeTEX project, funded by European Commission, developed smart clothing embedded with
wearable sensors which measure environmental factors such as the presence of hazardous
gases, outside temperature and heat transfer rate passing through the clothing (Curone et
al., 2010).
2.4.2 Fitness and Sports
Wearable technology has many uses in the areas of fitness and sports. Elite
athletes exert great amounts of bodily fluids such as sweat, tears, urine, and blood during
competitions and rigorous training. Wearable technology with chemical and bio-sensors
are currently being researched to enhance human performance (Coyle et al., 2010). For
instance, figure 5 shows a smart fitness watch distributed by wearable technology
company Fitbit, capable of monitoring heart rate, cardio fitness level and tracking workout sessions (Fitbit Inc, 2017).

Figure 5. Fitness watch (Fitbit Inc, 2017)
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Wearable technology in the form of compressed high tech clothes can also help
athletes to get advantages over other contestants (Nusser & Senner, 2010). Since
Athletes need to go through regular monitoring of health; researchers recommended
biosensor and chemical sensor to keep track and monitoring sports-persons physical
condition (Perego, Moltani, & Andreoni, 2012). Wearable sensors help coaching staff to
analyze the performance graph and find out the improvement area of the athletes by
providing the physiological data through wearable data system (Coyle, Morris, Lau,
Diamond, & Moyna, 2009). In addition, like healthcare, a smart shirt capable of
detecting and processing signal of vital signs like heart rate, breathing rate to the fitness
conscious (Lee & Chung, 2009). Wearable technology company Textronics, launched
sports bra shown in figure 6, integrated with biosensors capable of transmitting
continuous heart rate of the wearer (Textronics Inc, 2017).

Figure 6. Heart sensing sports bra (Textronics Inc, 2017)
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2.4.3 Emergency Responders
Emergency responders such as fire fighters and law enforcement officers confront
unsafe environments while performing their duties. Wearable technologies are being
developed to ensure the safety of emergency responders. For instance, The Proe-TEX
project funded by European commission developed smart garments integrated with
sensors, communication devices, data processing and energy management for the purpose
of continuously monitoring the physical condition of emergency responders, see figure 7
(Magenes, Curone, Caldani, & Secco, 2010).

Figure 7. Smart garment for emergency responders (Patel, Park, Bonato, Chan &
Rodgers, 2012)
The technology company Motorola Solutions is developing a smart uniform (see
figure 8) for the next generation of law enforcement personnel. The uniform contains
wearable sensors embedded in a vest, and belt that are capable of monitoring blood
pressure, heart rate and other physiological condition of police officers (Maddox, 2017).
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Figure 8. Motorola’s Connected Law Enforcement Officer (Maddox, 2017)
2.4.4 Defense
Wearable technology is also finding uses in the military. The Georgia Institute of
Technology, USA designed the first smart clothing made of optical fiber and fabric
sensor for the military purpose. These garments were capable of detecting breathing rate,
heart rate, and transmit information about a soldier’s wounded area (Tao, 2001).
Researchers have also developed wearable sensor integrated into a smart vest for the
soldiers and fire-fighters which is light weight and capable of monitoring the movement
and functionality of different body parts (Pandian et al., 2008).
The Spanish Ministry of Defense conducted a project, where various kinds of
wearable technology such as sensors integrated gloves, chest straps tested to analyze the
actual stress for soldiers (Seoane et al., 2014). The results suggested that wearable
technology measured actual respiration and cardiac activities and guided researchers to
configure stress-signaled data in actual situations (Seoane et al., 2014).
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U.S. Army Research Development and Engineering Command introduced smart
protective uniform integrated with chemical and biological sensor technology. This
protective uniform (shown in figure 9) is capable of sending signal of toxic chemical
exposure, early seizure warning, surrounding environmental properties like air quality,
humidity, radiation data, physiological and biometric data of the soldiers (U.S. Army
Research Development and Engineering Command, Edgewood Chemical Biological
Center, 2015).

Figure 9. Bio-surveillance technology (U.S. Army Research Development and
Engineering Command, Edgewood Chemical Biological Center, 2015)
In addition, for improving the quality of life, technology company Google’s
Advanced Technology and Projects (ATAP) initiated an experimental project in 2014
named Project Jacquard with the collaboration of apparel company Levi’s. Project
jacquard developed a jacket (shown in figure 10) for the commuter which acted as an
interface between mobile phone and wearer. This fashionable jacket allowed wearer to
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answer or ignore phone calls, switch up music, receive travel time updates without
touching the screen (Budds, 2017).

Figure 10. Project Jacquard jacket (Jacquard by Google, 2017)
Wearable technologies ability to improve quality of life, and help to save lives is
only as good as the quality built into the product. Therefore, when developing wearable
technologies assessing and monitoring quality is a primary concern.
2.5 Quality Function Deployment Method
Maintaining quality is a constant concern in new product development.
According to Bergman and Klesfsjo “The quality of a product (article or service) is its
ability to satisfy the needs and expectations of the consumers” (Bergman & Klefsjö,
2010). The goal of QFD method is to systematically execute Total Quality Control
(TQC) and ensure the final product will meet the consumer’s required quality during new
22

product development (Abu-Assab, 2012). So, “TQC” and “quality” are two important
elements in QFD (Abu-Assab, 2012).
Feigenbaum (1991) stated “Total quality control is an effective system for
integrating the quality-development, quality-maintenance, and quality-improvement
efforts of the various groups in an organization so as to enable marketing, engineering,
production, and service at the most economical levels which allow for full customer
satisfaction”. So, QFD method is an organized approach that focuses on consumers’
requirements to the initial stage of products making (Kirsanova, Chalenko, Shustov, &
Sanzhieva, 2015). This method helps to ensure the interpretation of customer’s demand
into technical design at the product development stage to the actual bulk production
process (Kirsanova et al., 2015). Researcher Akao defined QFD as “A method for
developing a design quality aimed at satisfying the consumer and then translating the
consumer’s demand into design targets and major quality assurance points to be used
throughout the production phase” (Akao, 1990).
In QFD “The quality deployment” component brings the consumer’s voice into
design process and “The function deployment” relates to a different team and unit of a
company responsible for interpreting the consumers’ requirements from design team to
manufacturing process (Lockamy & Khurana, 1995). Generally, QFD has three main
characteristics: to prioritize visible or hidden consumer’s requirements; to interpret these
requirements into technical instructions; and to obtain a superior quality products as per
consumers wish focusing on all stage of manufacturing process (Militaru, Burghelea,
Ştefan, & Zanfir, 2014).
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2.6 Background of QFD
In 1966, the QFD was first developed as a branch of TQC concept in Japan
focusing on originality other than imitation in new product development (Akao & Mazur,
2003). In 1972, researcher Akao first introduced QFD concept in his publication
“hinshitsu tenkai” meaning “Quality Deployment” (Akao & Mazur, 2003). Since then a
number of Japanese companies started adopting QFD concept in manufacturing process
and from 1975 to 1987 the Japanese Society for Quality Control (JSQC) analyzed 80
companies QFD performances (Akao & Mazur, 2003). Due to the high reputation of
Japanese quality, in the late 1980’s, American companies became interested in the QFD
method (Greg, Yorks, Adams, & Ranney, 1994). At the same time, American car
manufacturing companies General Motors, Ford, and Chrysler started adopting QFD
concept under the supervision of the Central Japan Quality Control Association (CJQA)
(Cohen, 1995). Eventually, in 1994 the QFD institute was established in USA (Akao &
Mazur, 2003).
In Europe, the United Kingdom started application of QFD since 1980 and
Germany’s first application was recorded in 1987 (Saatweber, 2007). In 1988, Sweden
contributed special role by integrating QFD with various customer oriented analysis in
new product development (Gustafsson, 1996). Eventually, QFD concept was not limited
to use within Japan. Companies in many countries including the USA, Europe, China,
India, and some nations of Latin America started QFD application for the better
performance in the competitive market (Yusuf, Gunasekaran, & Dan, 2007; Zhao,
Maheshwari, & Zhang, 1995).
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2.7 QFD Application – The Four Phase Model
The Four-Phase Model separates the product development process into four steps
or phases and each of the four steps uses a matrix to interpret customer or consumer
requirements from product planning to production process control (Hauser & Clausing,
1988). Figure 11 shows the conceptual pattern of the four-phase model (Cohen, 1995).

Figure 11. The Four-Phase Model of QFD application (Cohen, 1995)
The first phase or Product Planning is generally let by the marketing department.
In this phase customer requirements or needs for the product are collected and then these
needs are transferred to technical requirements or technical characteristics for the purpose
of fulfilling customer satisfaction (Gustafsson, 1996). This phase is also named as House
of Quality (HOQ) which is the foundation of new product development (Cohen, 1995).
The second phase led by the engineering department is called Part Deployment this is
when the customer needs are transformed into the important technical characteristics
requirements (L. K. Chan & Wu, 1998; Cohen, 1995). In the third phase, called Process
Planning the most important part characteristics identified in the second phase are then
transferred into process operations or flow charts (L. K. Chan & Wu, 1998). In the fourth
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phase or Production Planning, key process operations are transformed into production
requirements (Cohen, 1995).
The first phase, Product planning or HOQ is the most important and many
companies do not use rest of the three phases of the QFD process after developing a
customized version of the HOQ (Cohen, 1995). One reason is HOQ has strategic
importance in the QFD system because it performs the most important task by identifying
the customer need that translate to technical characteristics of the product incorporating
the manufacturing competitiveness (L.-K. Chan & Wu, 2002). In fact, HOQ connects
voice of the customer to the voice of the product development team through which other
processes like production planning, process control can be formulated in the QFD system
(L.-K. Chan & Wu, 2002).
2.8 Research Gaps
Despite the significance popularity of wearable technology product, this emerging
technology has drawbacks in its services. Issues with comfort, usability, wash-ability,
durability, safety because of incorporating number of gadgets, lack of battery life and
price are common complaints from users (Baig, Gholamhosseini, & Connolly, 2013;
Sultan, 2015). Some consumers are concerned not only with accuracy and reliability of
the data but also security of personal data (Arnow, 2016; Marakhimov & Joo, 2017).
Regarding wearable technology, little research has been done about the process of
elimination of those customer concerns in the initial stage of product designing process.
The QFD method is the structured process to transfer customer demand to the
manufacturing process with the goal of fulfilling customer satisfaction (Cohen, 1995).
This method has numerous applications in different sectors including automotive
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industries, software products, healthcare projects; but little research has been conducted
about its application on wearable technology product design.
2.9 Research Questions
Based on the literature review following two research questions were developed:
R1: What features are most important for consumers in wearable technology
product?
R2: What technical features are most important for the developer of wearable
technology product to meet customer satisfaction?
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CHAPTER 3. METHODOLOGY
This chapter consists of a description of the research design, sampling, study
instruments, and data analysis procedure used for this research. In this study, a
quantitative research design was used to evaluate how consumers and product developers
of wearable technology prioritize technical features of a product.
Quantitative research by means of an online survey was an appropriate
methodology for this research because it permitted the researcher to test objective
theories by examining the relationship among variables. These variables were
incorporated into the survey based on specific objectives and research questions. The
data obtained was then analyzed using statistical procedures (Creswell, 2013).
Prior to proceeding with the online survey, a pilot test was conducted by two
graduate students to determine the scales that would provide the data required to answer
the research questions. A pilot study is a useful technique to evaluate the feasibility,
weakness of a research design by the small scale preliminary study prior to proceeding
for a full-scale research study (Van Teijlingen & Hundley, 2001).
3.1 Sampling
Men and women over age 18 representing members of the general public and
professionals involved in the product development of wearable technology were solicited
for this research. A minimum of 385 participants were sought as this is a sufficient
number to sample for a population of over 100,000 (Krejcie & Morgan, 1970). However,
IRB approval permitted the enlisting of an unlimited number of participants for this
research. Potential participants representing the professionals involved in the product
development of wearable technology were solicited through professional organizations
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including American Association of Textile Chemists and Colorists (AATCC),
International Textile and Apparel Association (ITAA), Wearable Technology in
Healthcare Society (WATCH), Institute of Electrical and Electronics Engineers Standard
Association (IEE-SA), Institute of Electrical and Electronics Engineers Computer Society
(IEE CS), and through professional networks including LinkedIn. Additionally, the
snowballing technique was employed by requesting participants send a link to the online
survey to other professionals in the field of wearable technology.
Potential participants representing users of wearable technology, or those
individuals providing the consumers voice, were solicited for participation through the
social media site Facebook, by direct email communication to students, faculty and staff
of Louisiana State University, and the snowballing techniques was employed by
requesting participants send a link to the online survey to friends and family who are
users of wearable technology. Snowballing has been shown to be an effective method for
soliciting participants as it enlists individuals who have participated in the study to recruit
their friends and family members as participants (Huck, Cormier, & Bounds, 1974).
3.2 Approval on Study of Human Subjects
Human Subject Review Committee of the Louisiana State University Institutional
Review Board (IRB) reviewed the application and determined IRB approval was not
needed for this research (see Appendix A).
3.3 Instruments
An online survey and QFD method were used as instruments for this study. An
online survey was used as an interview instrument to collect data from the participants.
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In this study, QFD method was used as a tool to construct the HOQ matrix based on the
collected data from online survey (see figure 12).
3.3.1 Online Survey
An online survey with skip logic was created using Qualtrics 2017 survey system.
Online surveys have been shown to be time efficient for both participants and
researchers, securing privacy of participants, lower financial costs of data collection,
require less coding time, and minimize coding mistakes when compared to traditional
paper surveys (Kang & Park-Poaps, 2010). The skip logic feature in Qualtrics 2017
permits the researcher to customize questions a participant receives based on answers to
key questions. The objectives of this research were to: explore the quality features that
consumers consider most important when purchasing wearable technology product;
explore the technical features product developers consider most important in the
development of wearable technology; and to identify the technical features that wearable
technology product developers need to focus on to meet the customer requirements. The
skip logic feature in Qualtrics permitted consumers and product developers to be
identified and receive relevant questions thus providing the researcher with the needed
data.
The first page of online survey was a one page consent form (see Appendix B).
The Online survey consisted of 12 closed-ended questions, 2 open-ended questions and 5
questions about participant’s demographic information (see Appendix C). For this study,
it was required to identify consumers and product developer from the participants. When
participants performed the demographic survey, the skip logic feature in Qualtrics
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identified them as either a consumer or a product developer to ensure participants
received relevant questions.
In the online survey, consumers were given one closed-ended question with 11
parts, and one open-ended question (see Appendix C). In the closed-ended question,
consumers were asked to measure the importance of customer requirements of a wearable
technology product in a five point Likert Scale ranging from Not Important to Very
Important. Questions were constructed based on a review of related literature, published
articles, and online information that were synthesized to determine the customer
requirements. These requirements included: Product Safety such as no electric shock,
burn, or battery explosion while using wearable technology gadgets, Privacy and
Personal Data Security, Long Battery Life, Sustainability (not harmful to the
environment), Product Functionality, Nice Product Design or fashion-ability, Washability (capable of washing after wearing like regular clothing), Price, Comfortability,
Usability (easy to use), and Durability (lasting long time) (Arnow, 2016; Baig et al.,
2013; Marakhimov & Joo, 2017; Sultan, 2015). One open-ended question was asked to
consumers to let the researcher explore any additional quality features that consumers
intended to use in wearable technology products. For the open ended question the essay
response option was used in Qualtrics. The open-ended question feature in Qualtrics
permits the participant to write a detailed response of up to 22 pages.
Furthermore, in this online survey, product developers were given 11 closedended questions and one open-ended question (see Appendix C). In the closed-ended
questions, product developers participated to determine the priority rating of technical
requirement with relationship to each customer requirements based on four point Likert
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scale ranging from No Relationship to High Relationship (See Appendix C). Technical
characteristics required for the wearable technology product design were synthesized in
details from published articles, literature review and internet contents. Required
technical features of wearable technology products included: Integrated Circuit, Battery
(energy management), Materials Selection (synthetic fabric, metals etc.), Sensor
Placement, Washing Technique, Way of Combining Electronic Devices with Clothing,
Communication Device, User Interface, Data Management (memory computation, data
processing), Water Resistance: Sensor and Electronic Devices (Cho et al., 2009;
Xiaoming Tao, 2001; X Tao, 2005). In the open-ended question, product developers
mentioned their opinions about the limitation of technical requirements adopting
wearable technology product. Here also, the essay response option was used in the
Qualtrics that allowed product developers to write down detailed response to the openended question.
3.3.2 QFD Method
In this study, HOQ or Product Planning of Phase 1 was used to find out the
customer requirements and build up the relationship between customer requirements with
technical characteristics (see figure 12). After collecting data from online survey (see
Appendix C), the next step was to build up the HOQ matrix. The data found in the online
survey related to consumers’ perspectives were assigned numerical value as 5-4-3-2-1
where “5” means Very Important, “4” Important, “3” Moderately important, “2” Slightly
important, and “1” Not Important. These numerical values were inputted in the HOQ
matrix under customer requirements column (see figure 12). Again, from the product
developers point of view, the collected data from online survey were assigned with
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weighting factor 9-3-1-0 where “9” for High Relationship, “3” for Moderate
Relationship, “1” for Low Relationship and “0” for No Relationship. Similarly, these
data were plotted in the HOQ matrix against technical requirements (see figure 12). The
weighting factor standard 9-3-1-0 was used in QFD method to give more importance to
the data that provides relationship between customer requirements and technical
requirements (Griffin & Hauser, 2003).
3.4 Data Analysis
Statistical Analysis System (SAS) Enterprise 6.1 was used to analyze data.
Descriptive statistics were used to report participant demographic characteristics.
Constant comparative method was used to code the response of the open-ended questions
for content. This method allowed researcher to uncover themes or emerging categories in
participants responses of the open-ended questions (Creswell, 2013). The mean score
was used to calculate average value of consumers’ quality requirements and average
weighing factor of technical requirements with relationship to customer requirements.
The purpose of calculating mean values was to provide an answer to questions R1 and
R2. In the HOQ matrix, calculation of customer requirements priority level (% of
priority) and relative importance of technical requirements (relative importance %)
determined the research questions R1 and R2 (see figure 12).
3.4.1. Calculation of Customer Requirements Priority Level (% of Priority)
Data was analyzed according to the method of evaluation developed for QFD
method (Cerit, Küçükyazıcı, & Kalem, 2014). To begin, the mean value of customer
quality requirements was calculated from the consumers’ survey data (See Appendix C).
In the HOQ matrix, the mean value of each customer requirements was marked as
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Priority (see figure 12). Each customer requirement’s priority level percentages (% of
Priority) were calculated by following formula as per QFD method (Cerit et al., 2014).
% of Priority =

𝑃𝑟𝑖𝑜𝑟𝑖𝑡𝑦 𝑉𝑎𝑙𝑢𝑒
𝑋100
𝑇𝑜𝑡𝑎𝑙 𝑃𝑟𝑖𝑜𝑟𝑖𝑡𝑦 𝑉𝑎𝑙𝑢𝑒

The calculated value of Percentage of Priority provided the answer of research
question R1 about the most important features for consumers in wearable technology
product.
3.4.2. Calculation of Relative Importance of Technical Requirements (Relative
Importance %)
The mean weighting factor of technical requirement with relationship to customer
requirements were calculated from the product developers survey data (See Appendix C).
Absolute Importance was calculated by multiplying the % of priority level of customer
requirements with the weighting factor in each box of the matrix and added the resulting
products in each column as per QFD method (Cerit et al., 2014).

Absolute Importance = ∑(% 𝑜𝑓 𝑃𝑟𝑖𝑜𝑟𝑖𝑡𝑦 𝑙𝑒𝑣𝑒𝑙) 𝑋 𝑊𝑒𝑖𝑔ℎ𝑡𝑖𝑛𝑔 𝑓𝑎𝑐𝑡𝑜𝑟
Relative Importance (%) were calculated from the Absolute Importance value as
per following formula obtained from QFD method (Cerit et al., 2014).
𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝐼𝑚𝑝𝑜𝑟𝑡𝑎𝑛𝑐𝑒

Relative Importance (%) = 𝑇𝑜𝑡𝑎𝑙 𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝐼𝑚𝑝𝑜𝑟𝑡𝑎𝑛𝑐𝑒 𝑋100
Relative Importance (%) determined on which technical requirements needed to
be focused to satisfy the consumers demand or requirements and such provided the
answer of research question R2.
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Figure 12. Format of HOQ matrix
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CHAPTER 4. RESULTS
The overall purpose of this study was to investigate consumer and product
developer’s expectations of wearable technology products framed by the QFD method
with a goal of improving wearable technology product manufacturing process to satisfy
the consumers’ requirements. This chapter presents findings of data collected.
4.1 Sample Characteristics
A total of 421 potential participants responded to the online survey. Forty-three
respondents did not complete the study resulting in 378 usable surveys. The 378
participants in this study consisted of 41.53% male and 58.47% female. Consumers of
wearable technology comprised the largest percentage of participant 62.17% and
professionals involved in product development accounted for 37.83% (see Table 1).
Table 1: Demographic characteristics for the sample (N=378)
Total
Characteristics
Participants
Gender
Male
157
Female
221
Age in years
18-24
83
25-34
63
35-44
71
45-54
52
55-64
72
65-74
28
Over 75
9
Are you users of wearable technology product?
Yes
155
No
213
Did not response
10
Category
Consumer
235
Technical Professional
143
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Percent (%)
41.53
58.47
21.96
16.67
18.78
13.76
19.05
7.41
2.38
41.00
56.35
2.65
62.17
37.83

Technical professionals involved in the development of wearable technology
products comprised 37.83% of the participants in this study. They reported their job
functions as falling into five major categories; Product developer/Apparel design,
Wearable Technology Related, Material Specialist, Engineering, and Other. Participants
reporting their job function as Product developer/Apparel design comprised the largest
number of participants 23.08% within a single job function. Participants choosing the
Other category described their job function as: Textile design/textile engineering;
industrial engineering/human factor design; testing/chemist; researcher/educator; and
marketing/merchandising (see Table 2).
Table 2: Characteristics of technical professional’s job function. (N=143)
Professional Job Function
Other
Product Developer /Apparel Design
Wearable Technology Related
Material Specialist
Engineering

Total Participants
55
33
23
21
11

Percent (%)
38.46
23.08
16.08
14.69
7.69

4.2 Quantitative Data Findings
One of the objectives of this study was to explore the quality features that
consumers consider most important when purchasing a wearable technology product. To
determine what consumers consider the most important features the data was evaluated
from the participants who identified themselves as consumers of wearable technology.
The arithmetic mean score was calculated to determine the priority of consumers’ quality
requirements (see Table 3).
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Table 3: Priority of consumer’s quality requirements (N=235)
Total
Percent Mean
Consumers Requirements
Participants
(%)
Score
Product Safety (i.e.: no electric shock, burn, or
battery explosion)
196
83.40
4.60
Privacy and Personal Data Security
196
83.40
4.48
Long Battery Life
196
83.40
4.19
Sustainability (not harmful to the environment)
196
83.40
3.90
Product Functionality
196
83.40
4.57
Nice Product Design or Fashion-ability
196
83.40
4.08
Wash-ability (capable of washing after wearing like
regular clothing)
196
83.40
3.91
Reasonable Price (not too expensive)
196
83.40
3.86
Comfort-ability
196
83.40
4.24
Usability (easy to use)
196
83.40
4.18
Durability (lasting long time).
196
83.40
4.19

A second objective of this study was to explore the technical features most
important to professionals involved in the development of wearable technology products.
To explore the important technical requirements of each consumer quality feature, the
data was evaluated from the participants who identified themselves as professionals
involved in the development of wearable technology. The arithmetic mean was
calculated to show each customer quality’s relationship with all technical features
required for wearable technology product development (see Tables 4 – 14).
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Table 4: Product Safety’s relationship with technical features (N=143)
Total
Percent Mean
Technical Requirements
Participants
(%)
Score
Integrated Circuit Design
85
59.44
3.16
Battery (Energy Management)
86
60.14
3.64
Materials Selection (Synthetic fabric, metals
etc.)
84
58.74
3.27
Sensor Placement
85
59.44
2.99
Washing Technique
86
60.14
3.19
Way of Combining Electronics with Clothing
85
59.44
3.24
Communication Device
84
58.74
2.57
User Interface
85
59.44
2.68
Data Management (memory computation, data
processing)
85
59.44
2.28
Water Resistance: Sensor and Electronic
Devices
85
59.44
3.41
Table 5: Privacy and Personal Data Security’s relationship with technical features
(N=143)
Total
Percent Mean
Technical Requirements
Participants
(%)
Score
Integrated Circuit Design
84
58.74
2.62
Battery (Energy Management)
85
59.44
1.82
Materials Selection (Synthetic fabric, metals
etc.)
85
59.44
1.89
Sensor Placement
84
58.74
2.46
Washing Technique
85
59.44
1.80
Way of Combining Electronics with Clothing
85
59.44
2.35
Communication Device
85
59.44
3.53
User Interface
85
59.44
3.38
Data Management (memory computation, data
processing)
85
59.44
3.67
Water Resistance: Sensor and Electronic
Devices
84
58.74
1.95
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Table 6: Long Battery Life’s relationship with technical features (N=143)
Total
Percent Mean
Technical Requirements
Participants
(%)
Score
Integrated Circuit Design
84
58.74
3.39
Battery (Energy Management)
85
59.44
3.87
Materials Selection (Synthetic fabric, metals
etc.)
85
59.44
2.55
Sensor Placement
84
58.74
2.73
Washing Technique
84
58.74
2.86
Way of Combining Electronics with Clothing
83
58.04
3.14
Communication Device
83
58.04
3.18
User Interface
81
56.64
3.01
Data Management (memory computation, data
processing)
83
58.04
3.24
Water Resistance: Sensor and Electronic
Devices
82
57.34
2.79

Table 7: Sustainability’s relationship with technical features (N=143)
Total
Percent Mean
Technical Requirements
Participants
(%)
Score
Integrated Circuit Design
82
57.34
2.93
Battery (Energy Management)
81
56.64
3.59
Materials Selection (Synthetic fabric, metals
etc.)
81
56.64
3.59
Sensor Placement
81
56.64
2.05
Washing Technique
81
56.64
3.22
Way of Combining Electronics with Clothing
81
56.64
3.06
Communication Device
81
56.64
2.32
User Interface
81
56.64
2.25
Data Management (memory computation, data
processing)
81
56.64
2.20
Water Resistance: Sensor and Electronic
Devices
81
56.64
3.09
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Table 8: Product Functionality’s relationship with technical features (N=143)
Total
Percent Mean
Technical Requirements
Participants
(%)
Score
Integrated Circuit Design
80
55.94
3.65
Battery (Energy Management)
80
55.94
3.59
Materials Selection (Synthetic fabric, metals
etc.)
81
56.64
3.47
Sensor Placement
81
56.64
3.63
Washing Technique
81
56.64
3.25
Way of Combining Electronics with Clothing
81
56.64
3.57
Communication Device
81
56.64
3.42
User Interface
79
55.24
3.61
Data Management (memory computation, data
processing)
81
56.64
3.27
Water Resistance: Sensor and Electronic
Devices
80
55.94
3.29

Table 9: Nice Product Design or Fashion-ability’s relationship with technical features
(N=143)
Total
Percent Mean
Technical Requirements
Participants
(%)
Score
Integrated Circuit Design
80
55.94
2.89
Battery (Energy Management)
80
55.94
2.70
Materials Selection (Synthetic fabric, metals
etc.)
80
55.94
3.84
Sensor Placement
80
55.94
3.38
Washing Technique
80
55.94
2.41
Way of Combining Electronics with Clothing
80
55.94
3.61
Communication Device
80
55.94
2.69
User Interface
79
55.24
3.30
Data Management (memory computation, data
processing)
80
55.94
2.31
Water Resistance: Sensor and Electronic
Devices
80
55.94
2.68
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Table 10: Wash-ability’s relationship with technical features (N=143)
Total
Percent Mean
Technical Requirements
Participants
(%)
Score
Integrated Circuit Design
80
55.94
3.39
Battery (Energy Management)
80
55.94
3.21
Materials Selection (Synthetic fabric, metals
etc.)
81
56.64
3.79
Sensor Placement
81
56.64
2.91
Washing Technique
81
56.64
3.93
Way of Combining Electronics with Clothing
81
56.64
3.65
Communication Device
81
56.64
2.68
User Interface
80
55.94
2.40
Data Management (memory computation, data
processing)
81
56.64
2.15
Water Resistance: Sensor and Electronic
Devices
81
56.64
3.83
Table 11: Reasonable Price’s relationship with technical features (N=143)
Total
Percent Mean
Technical Requirements
Participants
(%)
Score
Integrated Circuit Design
80
55.94
3.29
Battery (Energy Management)
80
55.94
3.34
Materials Selection (Synthetic fabric, metals
etc.)
80
55.94
3.54
Sensor Placement
80
55.94
2.45
Washing Technique
80
55.94
2.76
Way of Combining Electronics with Clothing
80
55.94
3.14
Communication Device
80
55.94
2.90
User Interface
80
55.94
2.85
Data Management (memory computation, data
processing)
79
55.24
2.89
Water Resistance: Sensor and Electronic
Devices
80
55.94
3.03
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Table 12: Comfort-ability’s relationship with technical features (N=143)
Total
Percent Mean
Technical Requirements
Participants
(%)
Score
Integrated Circuit Design
80
55.94
3.00
Battery (Energy Management)
80
55.94
2.83
Materials Selection (Synthetic fabric, metals
etc.)
80
55.94
3.90
Sensor Placement
80
55.94
3.68
Washing Technique
79
55.24
2.34
Way of Combining Electronics with Clothing
80
55.94
3.51
Communication Device
80
55.94
2.41
User Interface
79
55.24
2.89
Data Management (memory computation, data
processing)
79
55.24
2.06
Water Resistance: Sensor and Electronic
Devices
80
55.94
2.61
Table 13: Usability’s relationship with technical features (N=143)
Total
Percent Mean
Technical Requirements
Participants
(%)
Score
Integrated Circuit Design
80
55.94
3.13
Battery (Energy Management)
80
55.94
3.10
Materials Selection (Synthetic fabric, metals
etc.)
80
55.94
3.04
Sensor Placement
80
55.94
3.33
Washing Technique
80
55.94
3.04
Way of Combining Electronics with Clothing
80
55.94
3.24
Communication Device
80
55.94
3.15
User Interface
79
55.24
3.70
Data Management (memory computation, data
processing)
80
55.94
2.98
Water Resistance: Sensor and Electronic
Devices
80
55.94
2.90
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Table 14: Durability’s relationship with technical features (N=143)
Total
Percent Mean
Technical Requirements
Participants
(%)
Score
Integrated Circuit Design
80
55.94
3.40
Battery (Energy Management)
80
55.94
3.55
Materials Selection (Synthetic fabric, metals
etc.)
79
55.24
3.87
Sensor Placement
80
55.94
3.04
Washing Technique
78
54.55
3.64
Way of Combining Electronics with Clothing
81
56.64
3.51
Communication Device
81
56.64
2.62
User Interface
81
56.64
2.69
Data Management (memory computation, data
processing)
81
56.64
2.48
Water Resistance: Sensor and Electronic
Devices
81
56.64
3.56

The third objective of this study was to identify technical features that wearable
technology product developers need to focus on to meet the customer requirements. To
explore this objective, the mean weighting factor was calculated from the technical
participants rating of the features with relationship to each quality requirements (see
Table 15). Examining the correlation of customer requirements with technical
requirements, “Product Safety” was found to have high relationship with “Battery
(energy management)” with mean weighting factor 7.50 (See Table 15).
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Table 15: Mean weighing factor of technical requirements with relationship to customer requirements
Mean Weighting Factor

Method of Combining
Electronics and
Clothing

Communication Device

User Interface

Data Management
(memory computation,
data processing)

Water Resistance
Sensor and Electronic
Devices

Comfortability

Washing Technique

Reasonable Price

Sensor Placement

Privacy and Personal Data Security
Long Battery Life
Sustainability (not harmful to the
environment)
Product Functionality
Nice Product Design or Fashion-ability
Wash-ability (capable of washing after
wearing like regular clothing)

Materials Selection
(Synthetic fabric,
metals)

Product Safety (for example: no electric
shock, burn, or battery explosion)

Battery (Energy
Management)

Customer Requirements

Integrated Circuit
Design

Technical Requirements

5.24
3.43
6.05

7.50
1.38
8.38

5.56
1.66
3.20

4.34
2.80
3.44

5.20
1.47
4.31

5.39
2.67
4.82

3.14
6.80
5.33

3.56
5.96
4.64

2.41
7.48
5.40

6.33
1.73
4.20

4.39
7.15
4.23

6.91
6.93
3.80

6.85
6.31
8.18

1.95
6.93
5.94

5.53
5.75
2.91

4.88
6.70
7.03

2.53
6.02
3.69

2.48
6.95
5.78

2.37
5.49
2.70

4.94
5.64
3.74

5.99

5.61

7.89

4.41

8.60

7.07

3.49

2.74

2.20

8.12

5.46

5.45

6.39

2.84

3.63

5.05

4.11

3.80

3.94

4.48

4.79

3.96

8.50

7.25

2.72

6.64

2.90

4.56

2.00

3.51

5.19

4.98

4.48

5.76

4.81

5.38

5.00

7.28

4.20

4.03

6.23

6.89

8.29

4.54

7.17

6.63

3.62

3.81

3.09

6.98

Usability (easy to use)
Durability (lasting long time).

45

4.3 Results by Research Questions
In this section, results of each research question are discussed separately using
HOQ matrix (see Table 16). HOQ matrix was formulated based on the previously
discussed findings of priority of customer’s quality requirements (see Table 3) and mean
weighting factor of technical requirements with relationship to customer requirements
(see Table 15). In the HOQ matrix (see Table 16), the percentage of priority, absolute
importance, and relative importance percentage were found by automatic calculation
using the Excel spreadsheet. The percentage of priority in the HOQ matrix (see Table
16) determines the important features for consumer in wearable technology product and
the relative percentage determines the important technical features for the developer of
wearable technology product.
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Privacy and Personal Data Security
Long Battery Life
Sustainability (not harmful to the
environment)

4.34

5.20

5.39

3.14

3.56

2.41

6.33

4.48
4.19

9.70
9.07

3.43
6.05

1.38
8.38

1.66
3.20

2.80
3.44

1.47
4.31

2.67
4.82

6.80
5.33

5.96
4.64

7.48
5.40

1.73
4.20

3.90

8.44

4.39

6.91

6.85

1.95

5.53

4.88

2.53

2.48

2.37

4.94

4.57

9.88

7.15

6.93

6.31

6.93

5.75

6.70

6.02

6.95

5.49

5.64

4.08

8.83

4.23

3.80

8.18

5.94

2.91

7.03

3.69

5.78

2.70

3.74

3.91

8.47

5.99

5.61

7.89

4.41

8.60

7.07

3.49

2.74

2.20

8.12

3.86

8.36

5.46

5.45

6.39

2.84

3.63

5.05

4.11

3.80

3.94

4.48

4.24

9.17

4.79

3.96

8.50

7.25

2.72

6.64

2.90

4.56

2.00

3.51

4.18

9.05

5.19

4.98

4.48

5.76

4.81

5.38

5.00

7.28

4.20

4.03

4.19

9.06

6.23

6.89

8.29

4.54

7.17

6.63

3.62

3.81

3.09

6.98

528.92

561.26

606.66

459.74

471.02

564.46

427.64

473.38

379.57

486.29

10.67

11.32

12.23

9.27

9.50

11.38

8.62

9.55

7.65

9.81

Materials Selection (Synthetic
fabric, metals etc.)

Water Resistance: Sensor and
Electronic Devices

5.56

Data Management
(memory computation,
data processing)

7.50

User Interface

5.24

Communication Device

9.96

Washing Technique

4.60

Sensor Placement

% of
Priority

Battery (Energy Management)

Customer Requirements
Product Safety (for example: no electric
shock, burn, or battery explosion)

Priority

Integrated Circuit Design

Technical Requirements

Way of Combining Electronics
with Clothing

Table 16: HOQ matrix

Product Functionality
Nice Product Design or Fashion-ability
Wash-ability (capable of washing after
wearing like regular clothing)
Reasonable Price
Comfortability
Usability (easy to use)
Durability (lasting long time)
Absolute Importance
Relative Importance (%)
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4.3.1 Research Question 1: What features are most important for consumers in
wearable technology product?
In the HOQ matrix (see Table 16), research question 1 was answered by
examining the percentage of priority consumers place on the various features. In this
study, consumers of wearable technology considered the most important features to be
Product Safety (9.96%), closely following safety was Product Functionality (9.88%) and
Privacy and Personal Data Security (9.70 %) (see Figure 13).
10.5

10

9.96

9.88
9.70

Priority (%)

9.5
9.17

9.07

9.06

9.05

9

8.83
8.47

8.5

8

7.5

Customer Requirements

Figure 13. Important features for consumers in wearable technology product
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8.44

8.36

4.3.2 Research Question 2: What technical features are most important for the
developer of wearable technology product to meet customer satisfaction?
Research question 2 was examined by the percentage of relative importance of the
technical features in the HOQ matrix (see table 16). To meet customer satisfaction
professionals involved in the design and manufacture of wearable technology regarded
Materials Selection (12.23%) as having the highest relative importance. Other features
deemed important included: “Way of Combining Electronics with Clothing” (11.38%);
“Battery (Energy Management)” (11.32%); “Integrated Circuit Design” (10.67%); and
“Water Resistance: Sensor and Electronic Devices” (9.81%) (see Figure 14).

Relative Importance (%)

14
12

12.23

11.38

11.32

10.67
9.81

10

9.55

9.50

9.27

8.62
7.65

8
6
4
2
0

Technical Requirements

Figure 14. Important technical features for the developer of wearable technology product
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To corroborate the quantitative data and uncover further information concerning
how consumers and product developers’ perceptions the importance of various features
of wearable technology, the participants written responses to open ended questions were
examined.
4.4 Result of Open Ended Questions
One open ended question for consumers “What features, quality, technical
parameters or any other attributes do you wish the wearable technology product should
have?” and one question for product developers “What are the major concerns or
limitations about implementing technical requirements in wearable technology product
development?” received written answers from a total of 180 participants. One hundred
and two of the participants written comments identified as consumers and the remaining
78 were professionals involved in the development of wearable technology. Thematic
coding of both the consumers and professionals’ responses were performed by two
researchers working separately. An intercoder reliability of 98% was achieved.
Responses from consumers of wearable technology resulted in four main themes:
Functionality, Product Design, Safety and Accessibility. Each main theme contained
subthemes as shown in Table 17. Functionality was the feature most commented on by
consumers with 65.50% of the written comments relating to some aspect of the products
function. Product Design was the second most commonly mentioned feature with
29.82% of participants writing detailed responses on some aspect of design. In contrast,
Safety accounted for only 2.92% and Accessibility 1.75% of written comments. Within
the major theme Functionality, the subtheme of Ease of Use received the most comments
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(23.98%). Product Design contained four subthemes the most prevalent being aesthetics
which accounted for 14.04% of comments within that theme (see Table 17).
Table 17: Themes and Sub-Themes of the customer open ended question (N=102)
Total
Percentage
Theme and Sub-Theme
Responses
(%)
Functionality
112
65.50
Ease of use
41
23.98
Unique features
20
11.70
Durability
16
9.36
Compatible with other devices
13
7.60
Reliability
10
5.85
Battery
9
5.26
Upgradable
3
1.75
Product Design
51
29.82
Aesthetics
24
14.04
Comfort
16
9.36
Wash-ability
7
4.09
Sustainability
4
2.34
Safety
5
2.92
Product Safety
3
1.75
Personal Data Safety
2
1.17
Accessibility
3
1.75
Price
2
1.17
Available to market
1
0.58
Total number of responses
171

A total of 78 professionals involved in the design and manufacture of wearable
technology responded to the open-ended question. Four main themes emerged: Product
Design, Technical Issues, Corporate/Business Related Concerns, and Safety; each main
theme contained subthemes (see Table 18). Product Design was the most commented on
theme accounting for 56.44% of all written comments. Within the theme of Product
Design the subtheme Laundering (12.88%) received the majority of comments. The
second most common theme was Technical Issues (22.70%) and the subtheme Battery
(Energy Management) was the most prominent comprising 9.82% of all written
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comments. The themes of Corporate/Business Related Concerns (12.27%) and Safety
(8.59%) received relatively few comments (see Table 18).
Table 18: Themes and Sub-Themes of the technical participants open ended question
(N=78)
Theme and Sub-Theme
Product Design
Laundering
Durability
Functionality
Comfort
Aesthetics
Materials
Ease of Use
Sustainability
Unique Features
Technical Issues
Battery (Energy Management)
Merging Electronics with Clothing
Reliability
Corporate/Business Related Concerns
Price
Market Compatibility
Mass Production
Performance Standardization
Consumer Demand
Safety
Product Safety
Personal Privacy, Data Security &
management
Total number of responses

Total Responses
92
21
18
14
10
9
9
6
4
1
37
16
15
6
20
11
3
3
2
1
14
9

Percentage (%)
56.44
12.88
11.04
8.59
6.13
5.52
5.52
3.68
2.45
0.61
22.70
9.82
9.20
3.68
12.27
6.75
1.84
1.84
1.23
0.61
8.59
5.52

5
163

3.07

In this chapter the results of the quantitative and qualitative data were presented.
Brief answers to the research questions were given based on the quantitative data
collected. In the following chapter an in-depth discussion will be presented of how the
results are interpreted, and how the quantitative and qualitative data are related and
support the findings of this research.
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CHAPTER 5. DISCUSSION
This chapter will present a discussion of the results presented in Chapter 4. The
qualitative results gathered through the open ended question will be presented to help
explain the quantitative findings. When a consumer is quoted, it is designated by [C
followed by participant number]; when a product development professional is quoted, it
is designated by [P followed by participant number]. The chapter will conclude with
suggestions for future research and limitation of this study.
5.1 Research Question Results
5.1.1 Research Question 1: What features are most important for consumers in
wearable technology product?
In this study, consumers of wearable technology products consider Product Safety
as the most important feature in a product. In the HOQ matrix (see Table 16) Product
Safety is found to have the high mean weighting factor 7.50 with the technical
requirement Battery (Energy Management). So, performance of product safety such as
free from electric shock or burn, safe from battery explosion is possible to be improved
focusing on the technical feature Battery (Energy Management) issue. In regards to
safety some participants were very specific in their concerns “Safety- provide visibility
for pedestrians” [C23] whereas other participants were more general in their comments
“Safety for the wearer” [C84]. These comments indicate that in addition to protection
from personal harm caused by the wearable technology product itself, consumers would
also like products that help to insure their safety from other possible risks. The comment
made by C23 shows that consumers desire their wearable technology to be multifunctional for example, providing bio feedback to pedestrians while also containing
reflective or lighted area that make them more visible to motorists.
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Product Functionality of the product was the second most important requirement
for consumers. According to the HOQ matrix results this can be improved by focusing
on Integrated Circuit Design due to its high correlation (7.15) with Product Functionality
(see Table 16). Functionality was the most commented on theme with 112 written
comments relating to some aspect of the product functionality. In the written comments
participants indicated that they expected product to have various functional features such
as unique offerings, compatible with other devices, ease of use, upgradable properties and
reliability. Participants discussed functional features they would like built into garments.
One participant desiring a garment that can help monitor physiological data commented
“Fitness and health measurement – can my bra check my blood pressure and pulse rate
over the course of the day? Temperature adjustment – can the garment regulate body
temperature?” [C59]. The need for any new technology to be compatible with items
already owned such as a smart phone or computer to collect the data information
comprised 7.6% of comments. A participant wrote “I use products that pair with my
phone or computer to give information” [C67]. Ease of use accounted for 23.98 % of
comments emphasizing the need for new technology to be user-friendly and well
supported by the manufacturer comments included “User-friendly with support resources
for issues and problems” [C76]. Reliability of the data (5.85%), durability of the product
(9.36%), and upgradable features (1.75%) were subthemes of functionality that
consumers expressed concerns about “The heart rate or other features should be tested
and have a high degree of accuracy. It should be quality and have a long life. No one
would like to buy something that quickly stops working or does not serve its long term
value or importance. Think about the reasons someone may want the wearable
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technology, it is to track and assist the users performance, so it should have a long life
span and ability to be upgraded and improved, but not replaced, as technology changes.”
[C49].
Privacy and Personal Data Security was also found to be top concerns for
consumers. In the HOQ matrix it had a high relationship with Data Management (7.48)
(see Table 16). This high correlation indicates users’ privacy and personal data can be
kept safe and secured by emphasizing the role of the Data Management feature when
producing a wearable technology product. Participants comments regarding security
included “Concerns and parameters on privacy/trackable/data breach” [C69] and
“security (of personal data)” [C1].
Product Design accounted for 29.82% of written comments however; according to
the HOQ matrix (see Table 16) consumers only rated it at 8.83%. Indicating their
responses to the quantitative data did not put as much importance on Product Design.
The quantitative data indicated for consumers Product Design has a high relationship
with Materials Selection (8.18). This suggests that fabric or materials played a vital role
for the improvement of Product Design feature of wearable technology products. Results
indicated that participants expect various product design features such as aesthetics,
comfort, wash-ability, and sustainability in a wearable technology product. Their written
comments confirmed this as Aesthetics accounted for 14.04% of all comments focusing
on the stylish, fashionable, and attractive appearance. Comments included “Stylish and
fashionable” [C38], “Aesthetically pleasing, not too ‘techy’ looking” [C45], and “Stylemost wearable technology looks so robotic or uncomfortable- something attractive would
be nice” [C68]. Comfort 9.36% and Wash-ability 4.09% were sub-themes of Product
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Design; participants commented “comfortable to wear for long periods of time” [C78],
and “comfortable to wear, wash & dryable (of a product)” [C27].
When the quantitative and qualitative data were combined Functionality and
Privacy and Personal Data Security were found to be the top priorities consumers have
for wearable technology. Though quantitative data did not indicate Product Design is a
top priority for consumers when permitted to discuss their needs and wants in the open
ended question it emerged as a priority. It is also noticeable that Product Design was
found to have a high relationship to Materials Selection. Materials Selection was
considered most important aspect by product developers of wearable technology.
Therefore, prioritizing materials selected for wearable technology such as comfort and
visibility may permit product developers to address multiple concerns of consumers.
5.1.2 Research Question 2: What technical features are most important for the
developer of wearable technology product to meet customer satisfaction?
In this study, Materials Selection was found to be the most important technical
feature for the developer of wearable technology products to meet customer satisfaction.
This feature has the higher relationship (equal to 5 or more) with customer features:
Comfortability (8.50), Durability (8.29), Nice Product Design or Fashion-ability (8.18),
Wash-ability (7.89), Sustainability (6.85), Reasonable Price (6.39), Product Functionality
(6.31), and Product Safety (5.56) (see Table 16). This indicates that careful selection of
correct materials for the wearable technology product development can address a large
area of customer requirements. Moreover, technical professionals indicated the
importance of materials selection in their comments. One participant focused on the
innovation of new materials suitable for wearable technology product commenting “Most
concerned with requirements that lock our innovation of new materials” [P35]. Another
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participant stated “Fabric properties should not be affected by the technology (drape,
hand, washing)” [P32] desiring to keep the regular fabric characteristics in the product.
A third participant commented “My interest is for ski clothing where comfort,
stretchability, moisture transmission, water proof, resistance to wind, heat and cold are
factors” [P9] indicating a focus on the functional properties of material. Other
participants discussed the materials chosen in the context of comfortability and
sustainability comments included, “comfort and aesthetic, material, wearability” [P56]
and “bio-compatibility of materials” [P20].
Following Materials Selection, Way of Combining Electronics with Clothing was
found to be second priority for product developers and it also covers the large number of
customer requirements. This technical feature had a higher relationship (equal to 5 or
more) to the customer requirements of Wash-ability (7.07), Nice Product Design or
Fashion-ability (7.03), Product Functionality (6.70), Comfort-ability (6.64), Durability
(6.63), Product Safety (5.39), Usability (5.38), and Reasonable Price (5.05) (see Table
16). The challenges of integration of electronics within a clothing system were
mentioned by number of participants. For example: “interfacing electronics with textile,
battery life, and durability” [P8], “merging the soft quality of textiles with the rigid
quality of electronics” [P7], “connection between soft and hard parts (fabric/fibers and
electronic components” [P10], and “The soft-hard connection is always a huge hurdle
when looking at performance, washability and durability” [P45]. From their comments it
appears integrating technology into garments in a way that provides customers the same
comfort and care they have come to expect in non-tech clothing is an ongoing struggle
for product developers.
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Battery (Energy Management) exhibits higher relationship (equal to 5 or more)
with customer features: Long Battery Life (8.38), Product Safety (7.50), Product
Functionality (6.93), Sustainability (6.91), Durability (6.89), Wash-ability (5.61), and
Reasonable Price (5.45) (see Table 16). Participants commented on the importance of the
power source for wearable technology. Comments included “state of the art of energy
requirements of the implemented device” [P4], and “the longevity of batteries” [P37], and
“power management” [P58].
To achieve customer satisfaction, it is important to address the technical features
that cover maximum customer requirements during manufacturing. In this study,
professionals involved in the development of wearable technology considered Materials
Selection, Way of Combining Electronics with Clothing, and Battery (Energy
Management) most important technical features for the wearable technology product
development.
5.2 Value of Research to Industry and Academia
The findings of this study have implications for both wearable technology
industry and academia. Generally, industry is focused on profits, maximizing market
share, and producing quality product for the consumers. On the other hand, academia
focuses on research, educating students to learn the skills required for the industry. This
section discusses individually value of this study to industry and academia.
As mentioned in this research, the high potential of wearable technology market
projected to be $70 billion by 2025 (Raj & Ha-Brookshire, 2016). In contrast, study also
shows the one third of consumers stop using wearable technology products after the first
purchase (Fortmann et al., 2015). In this research both consumers and technical
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professionals urge the industry to make usable, functional, effective product rather than
non-functional, only commercially attractive products in the name of wearable
technology in their comments. For example: “Safety for the wearer, not too advanced for
market, truly useful not just a gimmick” [C84], and “creating functionality that is not a
“gimmick” or short lived product” [P2]. This research identified areas from consumer’s
perspective where industry needs to address such as product safety, product functionality
of the wearable technology product. In addition, this research explored important
technical features such as materials selection, merging electronics with clothing which
industry can be benefitted focusing in the manufacturing plant.
This study has implications for both the research and teaching sectors of
academia. Little academic research could be found which examined the gap between the
consumers and technical professional’s expectation for wearable technology product. In
addition, this study showed the involvement of various departments for the wearable
technology product development. Therefore, academic researchers should consider the
multi-disciplinary research approach to study on the issues related to technical features of
the product. Additionally, the teaching segment of apparel designing should introduce a
course on wearable technology product development. As wearable technology is being
developed for multiple apparel markets, students need to have a basic understanding of it
to be employable.
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5.3 Suggestions for Future Research
Several areas were uncovered where further research is needed to determine the
specific criteria of particular requirements: 1) Investigate the types of materials for
specific wearable technology product; 2) Effective way to integrate electronics with
clothing; 3) Performance standardization of the product.
In this research, selection of material was found to be the most important
technical feature of a wearable technology product. Since, wearable technology has
diverse applications in different sectors, the type of materials that will offer better product
performance need to be investigated. In addition, extensive research is required
concerning the combining of electronics into textiles or clothing effectively so as to be
aesthetically pleasing, comfortable for the users, while providing durability of the
product. Lastly, there is a need to design a bulk manufacturing process for smart-clothing
or wearable technology. This process should establish quality and testing standards
similar to traditional products in the electronics, textiles, and apparel sectors. To support
mass manufacturing future research investigating performance standardization for
wearable technology products is needed.
5.4 Limitation of this Study
Generalization of the study is the main limitation of this study. There are various
kinds of wearable technology products with different applications. In this research, all
types of wearable technology products were considered. This limited the ability to gather
information on specific applications of the technology. Additionally, this research
investigated consumers of wearable technology however, 56.35% of the participants
indicated they are not actively using the product.
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5.5 Concluding Comments
This study framed by QFD method indicates consumers considered the important
feature of wearable technology to be Product Safety and Product Functionality.
Therefore, to meet overall customer satisfaction, professionals involved in the design and
manufacture of wearable technology must make these a priority for future products.
Wearable technology has been around for many years but is still in its infancy.
With the invention of microchips and nanotechnology a whole new horizon of product
development has emerged. This new technology promises to aid the disabled, protect law
enforcement and military, and to make consumers lives easier. For the better
performance of the product there must be a communication between professionals
involved in the development of wearable technology and consumers of the product. This
study attempted to uncover what priorities consumers have for wearable technology and
determine the priorities of professionals involved in the development of these products to
fulfill the customer satisfaction. It provided vital information useful to both industry and
academia.
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APPENDIX B. ONLINE SURVEY CONSENT FORM
This research titled “Quality Function Deployment Method and Its Application on
Wearable Technology Product Development” is being conducted by Mir Salahuddin and
Dr. Laurel D Romeo of Louisiana State University. The purpose of this study is to
determine the customer demand and technical requirements associated with wearable
technology product development. Collected data will be used to identify the quality
requirements of wearable technology product that can fulfill customer satisfaction. By
completing this online survey, you give consent to participate in this research. Your
responses to the survey will remain anonymous. You may choose not to participate or to
withdraw from the study at any time without penalty or loss of any benefit to which they
might otherwise be entitled. There is no compensation for completing this survey;
however, your participation is a valuable part of the assessment process. This study has
been approved by the Louisiana State University, Institutional Review Board. For
questions concerning participant rights, please contact the Institutional Review Board
Chair, Dr. Dennis Landin, 225-578-8962, or irb@lsu.edu. For any further inquiry please
feel free to contact:
Mir Salahuddin
Graduate Student, Louisiana State University
225-636-0487; msalah1@lsu.edu
Laurel D Romeo, PhD
Assistant Professor, Louisiana State University
225-578-1724; ldromeo@lsu.edu
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